nhanced platelet activation has been found in subjects with myocardial infarction (MI) 1,2 and stroke. [3] [4] [5] Platelet activation results in a conformational change in the glycoprotein (GP) IIb/IIIa receptors on the platelet surface, which facilitates binding of soluble fibrinogen and platelet aggregation. 6 GPIIb/IIIa (␣ IIb ␤ 3 ) is a member of the integrin family of cell adhesion molecules, 7 and its importance in the pathogenesis of cardiovascular disease has been highlighted by the clinical use of anti-GPIIb/IIIa agents. 8 The genes encoding the platelet IIb and IIIa glycoproteins are located on chromosome 17, lying within a 260-kb fragment in the region 17q21 to 22 with GPIIb 3Ј to GPIIIa, 9 and polymorphisms of the genes encoding GPIIb/IIIa have been described. 10 The report of Bray et al 11 describing the increased incidence of the A2 allele of the platelet glycoprotein IIIa Pl A polymorphism in subjects with coronary thrombosis has led to an increased interest in the potential role of polymorphisms of platelet glycoprotein receptors in relation to the development of cardiovascular disease. [12] [13] [14] HPA-3 (Bak a /Bak b ) is a common polymorphism of platelet GPIIb that, like the Pl A polymorphism, gives rise to posttransfusion purpura and neonatal alloimmune thrombocytopenic purpura. 15 HPA-3 results from a T to G base change coding for an isoleucine to serine amino acid substitution at position 843 of the GPIIb heavy chain. 15 This polymorphism lies adjacent to the binding region of the PMI-1 antibody, which has been shown to inhibit platelet-collagen interactions. 16 The aim of this study was to determine the genotype distribution of HPA-3 in subjects with ischemic stroke and healthy, age-matched control subjects and to determine its association with (1) the GPIIIa Pl A polymorphism; (2) levels of fibrinogen and ␤-thromboglobulin (␤-TG); and (3) stroke, stroke subtype, and poststroke mortality.
Subjects and Methods
The recruitment and characteristics of patients and control subjects have been fully described elsewhere. 17 Briefly, 515 patients with acute ischemic stroke, confirmed by noncontrast cranial CT scan, were recruited within 10 days of the event and subclassified into subjects with probable small-and large-vessel disease, as previously described. 17 Four hundred twenty-three healthy, age-matched control subjects were recruited from local Family Health Services Authority general practice registers. All patients were registered with the Office of National Statistics for notification of death. Mortality data available until the end of March 1998 are presented in this study. All subjects gave informed consent according to a protocol approved by the United Leeds Teaching Hospitals National Health Service Trust Ethics Committee.
HPA-3 genotype was determined by polymerase chain reaction amplification of a 253-bp product with the use of specific oligonucleotide primers, as described by Unkelbach et al, 18 with subsequent digestion with 4 U of FokI for 2 hours at 37°C followed by 2% agarose gel electrophoresis. The presence of Ile at position 843 resulted in cleavage of the 253-bp fragment into fragments of 126 and 127 bp, whereas the presence of Ser was characterized by the uncleaved 253-bp fragment. A number of samples were sequenced to ensure the accuracy of genotyping by this method. Genotypes were classified as aa (Ile, Ile), ab (Ile, Ser), and bb (Ser, Ser). Pl A genotype and levels of ␤-TG and fibrinogen were determined as previously described. 17, 19 Categorical variables were compared by 2 test. The degree of linkage disequilibrium between the HPA-3 and Pl A polymorphisms was estimated with a method described by Weir and Cockerham 20 based on a maximum likelihood iteration described by Hill 21 to overcome the difficulty of estimating the haplotype distribution of those subjects heterozygous at both loci. Genotype differences in survival were assessed by the Kaplan-Meier log rank statistic. The association of genotype with survival after acute stroke, with classic risk factors taken into account, was assessed by Cox regression analysis; results are presented as relative risk (RR) with 95% CIs. Interaction terms were created in the Cox regression models to assess possible gene-environment and gene-gene interactions. All statistical analyses were performed with the use of the SPSS statistics package version 7.0 (SPSS Inc).
Results
The characteristics of the patients and control subjects are presented in Table 1 . There was a greater proportion of men, hypertensives, smokers, and subjects with atrial fibrillation and diabetes in the patient group compared with the controls. In addition, the patients had higher levels of fibrinogen and ␤-TG compared with the control subjects, as previously described. 17, 19 There was no significant difference in the GPIIIa Pl A genotype distributions between patients and controls. 17 The genotype distributions of patients with ischemic stroke and healthy control subjects did not differ significantly from Hardy-Weinberg equilibrium. The HPA-3 polymorphism was not in linkage disequilibrium with the Pl A polymorphism (DЈϭ8%; Pϭ0.2).
There was no significant difference in the HPA-3 genotype distributions of patients (aaϭ40.7%, abϭ47.5%, bbϭ11.8%) and healthy control subjects (aaϭ44.2%, abϭ43.3%, bbϭ12.5%). In addition, there was no significant difference in the genotype distributions of patients with small-vessel disease (aaϭ36.1%, abϭ53.3%, bbϭ10.7%) compared with those with large-vessel disease (aaϭ41.4%, abϭ46.0%, bbϭ12.6%). There was no significant association of HPA-3 genotype with levels of fibrinogen or ␤-TG in either the patients or the healthy control subjects (data not shown), nor was there any significant association of HPA-3 with any other factor presented in Table 1 in either group (data not shown). In addition, there was no difference in the association of HPA-3 with survival when subjects were classified into those taking aspirin or warfarin compared with those not taking these medications (data not shown).
A total of 231 deaths had been notified by March 31, 1998, representing a median follow-up of 2.8 (95% CI, 0.7 to 4.0) years. Of these, 151 (65%) were due to the acute stroke event, subsequent stroke, or stroke-related complications; 41 (18%) were due to ischemic heart disease (IHD); and 39 (17%) were due to other causes, as stated on the death certificate. The characteristics of patients surviving and those dying are presented in Table 2 . Those dying were significantly older than those still alive, with a greater incidence of atrial fibrillation, previous stroke, and previous MI, a lower incidence of smoking, and elevated levels of fibrinogen and ␤-TG. was significantly associated (Pϭ0.006) with survival after ischemic stroke, with poorer survival in those of aa and ab genotypes compared with those homozygous for the b allele, as indicated in the Kaplan-Meier survival curves presented in Figure 1 . When patients who had died were classified by cause of death, only the HPA-3 genotype distributions of those who had died of stroke or stroke-related complications was significantly different from those who were still alive, as shown in Table 3 . HPA-3 a allele remained significantly associated with poststroke mortality in this group by KaplanMeier survival analysis, with 80% of subjects of bb genotype surviving compared with 68% of those with ab genotype and 58% of those with aa genotype (Pϭ0.001).
In a backward stepwise Cox regression model, when we excluded those who had died from IHD and other causes, including HPA-3, Pl independently associated with poststroke mortality, with RR for aa compared with bb of 4.29 (95% CI, 1.50 to 12.32) and for ab compared with bb of 2.89 (95% CI, 1.01 to 8.32). Age, stroke subtype, and previous stroke were the other factors independently associated with poststroke mortality in this model (data not shown). Finally, interaction terms were created between HPA-3 and the other factors included in the final model (which included HPA-3, Pl A , age, sex, smoking history, atrial fibrillation, stroke subtype, previous stroke, previous MI, fibrinogen, and ␤-TG as covariates) to identify any interactions independently associated with poststroke mortality. Each interaction term was entered separately, and the only terms found to be significantly associated with poststroke mortality were HPA-3*Pl A (Pϭ0.002) and HPA-3*fibrinogen (Pϭ0.01). On further investigation of these interactions, it was found that HPA-3 was significantly associated with poststroke mortality in those with fibrinogen levels in the highest tertile (Pϭ0.04), with only 39% of subjects with aa genotype surviving compared with 75% of those with bb genotype, but not significantly associated with mortality in those with levels in tertiles 1 and 2, as shown in Figure 2A . Similarly, HPA-3 was significantly associated with poststroke mortality in those homozygous for Pl A1 (Pϭ0.003), with 55% of those with aa genotype surviving compared with 82% of those with bb genotype, whereas no significant difference in survival by HPA-3 genotype was observed in those possessing Pl A2 (Pϭ0.6), as shown in Figure 2B . Finally, if the 3-way interaction between HPA-3, Pl A , and fibrinogen was included, this term was independently associated with mortality (Pϭ0.05). The results from the Cox regression models described above were not greatly influenced by the inclusion of those patients dying from IHD and other causes, except for a slight diminishing in the RR for HPA-3 (although it remained significant in all models) and the inclusion of atrial fibrillation as an independent predictor of mortality in all models (data not shown).
Discussion
Platelet hypersensitivity to aggregating agents has been associated with IHD and ischemic stroke 1, 4 and with total and cardiovascular mortality in middle-aged healthy men during A polymorphism in relation to poststroke mortality. There was a significant interaction between HPA-3 and Pl A (Pϭ0.002) and fibrinogen (Pϭ0.01) in a backward stepwise Cox regression model including classic risk factors. A, There was no significant difference in the proportion of survivors by HPA-3 genotype in patients with fibrinogen levels in tertiles 1 and 2, whereas in patients with levels of fibrinogen in the highest tertile, the proportion of subjects surviving decreased with increasing number of a alleles. B, Similarly, in patients possessing Pl A2 , there was no significant difference in the proportion of survivors by HPA-3 genotype, whereas in patients homozygous for Pl A1 , the proportion of subjects surviving decreased with increasing number of a alleles.
13.5 years of follow-up. 2 We have previously found elevated levels of ␤-TG in these subjects compared with healthy control subjects that were independently related to poststroke mortality. 17 The Pl A polymorphism of GPIIIa has been related to coronary thrombosis 11 and coronary stent thrombosis. 13 We have found associations of Pl A with premature ischemic stroke and MI but no association with poststroke mortality. 17, 22 These findings have served to highlight the importance of platelet activation and aggregation, as well as the role of GPIIb/IIIa, in acute thrombotic disorders.
In the present study, although there was no significant difference in the HPA-3 genotype distributions of patients and healthy control subjects, there was a significant difference in survival after acute ischemic stroke when patients were considered by genotype. This was related to poorer survival in patients possessing the a allele compared with those homozygous for the b allele. Further classification of patients according to cause of death indicated a significant association of HPA-3 only in those dying of stroke or stroke-related complications, and this association remained after we accounted for covariates. The ascertainment of cause of death from death certificates is, however, fraught with problems, but we found that HPA-3 remained independently associated with mortality in all analyses even if deaths from all causes were included.
The functional significance of the HPA-3 polymorphism is unclear since it does not occur within a region of GPIIb identified as important for binding of fibrinogen or Arg-GlyAsp peptides. 10 However, Shadle et al 16 found the PMI-1 antibody, which binds to GPIIb within the region of base pairs 844 to 859, gave a Ͼ80% inhibition of platelet-collagen adhesion. This suggests a potential role of this region of GPIIb in platelet adhesion, although the relevance of GPIIb/ IIIa adhesion to collagen in vivo remains controversial. 23 Ligand binding to GPIIb/IIIa gives rise to conformational changes in GPIIb/IIIa, and the binding of PMI-1 is enhanced by ligand binding, suggesting that this is 1 of the regions that undergoes a conformational change. 15 Ligand binding to GPIIb/IIIa also initiates a series of intracellular signaling pathways, known as outside-in signaling, which give rise to a number of events, including reorganization of the cytoskeleton and clot retraction. 24 Thus, it is possible that HPA-3 may influence these postfibrinogen binding events and in some way modulate the stability of platelet-fibrinogen interactions and subsequent clot resolution. Alternatively, HPA-3 may be a nonfunctional polymorphism that is in linkage disequilibrium with a functional polymorphism elsewhere.
Fibrinogen is the primary circulating ligand for GPIIb/IIIIa in vivo and has itself been associated with increased risk of IHD 25 and stroke 26 and with coronary and all-cause mortality. 27 In the present study, when both fibrinogen and HPA-3 were included in the Cox regression model, both factors remained independently associated with poststroke mortality after we accounted for covariates. In addition, when the interaction between HPA-3 and fibrinogen was also included in the model, this interaction term was independently associated with mortality, and further analyses indicated a significant association of HPA-3 with mortality only in those with fibrinogen levels in the highest tertile. This may merely reflect the increased number of deaths in those with fibrinogen levels in the highest tertile or may suggest enhanced binding of fibrinogen to HPA-3a-positive platelets compared with HPA-3bb platelets in the presence of higher levels of plasma fibrinogen.
Despite the close proximity of the genes encoding GPIIb and GPIIIa on chromosome 17, the HPA-3 and Pl A polymorphisms were not in linkage disequilibrium, and Pl A was not associated with mortality. However, in the present study if Pl A , HPA-3, and the interaction between these 2 polymorphisms were included in the Cox regression model, the interaction term HPA-3*Pl A was independently associated with mortality. Further analyses indicated a significant association of HPA-3 with mortality only in those homozygous for Pl A1 . In addition, the 3-way interaction between HPA-3, Pl A , and fibrinogen was also significant, suggesting that in subjects homozygous for Pl A1 with high plasma fibrinogen, possession of HPA-3a predisposes to poorer outcome after stroke relative to those homozygous for the b allele.
It is unclear why this polymorphism should be related to poststroke mortality when we found no association with the acute event itself or to stroke subtype. The observed association may merely represent a type I statistical error; however, the fact that HPA-3 remained independently associated with mortality even in subgroup analyses suggests that this is less likely. It is also possible that HPA-3 may influence the stability of platelet/fibrinogen interactions rather than affecting thrombus formation per se and may lead to the formation of a more stable clot that is more resistant to lysis, thereby increasing the risk of death and disability. Unfortunately, data are not available in these patients regarding long-term disability, and therefore we were unable to test this hypothesis. Further studies are therefore required both in vitro and in vivo to confirm the present findings and to determine the effect of the HPA-3 polymorphism on GPIIb/IIIa function and the stability of platelet/fibrinogen interactions.
